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Participation of Mast Cells and Complement in the Immediate Phase of 
Hematoporphyrin-Induced Phototoxicity 
RYOICHI KAMlDE , M .D.,* IRMA GIGLl, M.D., AND HENRY W. LIM , M.D. 
Division. of Dermatology, University of California, San. Diego, California, U S. A. 
We have investigated the roles of mast cells and the 
complement system in the immediate phase of hemato-
porphyrin-induced phototoxicity in guinea pigs. Clini-
cally, i. v. injection of hematoporphyrin, followed by 
irradiation with a light source containing 400-405 nm 
w-avelength, resulted in the immediate onset of erythema 
and edema, which subsided partially in 30-60 min. This 
was followed by the appearance of delayed erythema 
and edema, which peaked at 6-12 h after irradiation. 
Histologic examination of the response of the immediate 
phase, using a 1 J.Lm-thick section, ~evealed .eosino~hil 
infiltration and mast cell degranulatiOn. The Immediate 
phase of the clinical response was further quantitated 
by the extravasation of intravenously injected [ 1251]bo-
vine serum albumin. Pretreatment of the guinea pig skin 
with the intradermal injection of compound 48/80 sig-
nificantly suppressed the increase in vascular permea-
bility induced by hematoporphyrin and irradiation (p < 
0.05). This hematoporphyrin-induced alteration in vas-
cular permeability was also significantly inhibited by 
antihistamines, either H1 receptor antagonist alone (p 
< 0.05) or a combination of Hl and H2 receptor antag-
onists (p < 0.05). Guinea pigs depleted of complement 
also showed significantly less vascular permeability 
changes (p < 0.05). These results indicate that function-
ally intact mast cells, and the complement system, are 
required for the full development of the imm~diate phase 
of phototoxicity induced by hematoporphyrm. 
In t he presence of phototox ic substances, t issue damage 
occurs upon exposure to electromagnetic irradiation of the 
appropriate wavelength . T ypica l skin manifestations of acute 
phototoxicity cons i s~ of imme~iate er~heJ?a _and edema, ac-
companied by burmng sensatiOn, wh1ch IS fo llowed by the 
app earance of delayed erythema and edem a 12-24 h la~er [1 :2]. 
Histologically, these skin lesions show dermal ede_ma, dJla tatwn_ 
of b lood vessels, da mage of endothelia l cells, m f1lt ratwn of 
po ly m orphonuclear cells, a nd degranulation of mast cells 
[3-5 ]. 
The role of va rious mediators of inflammation in t he devel-
opment of cutaneous changes observed in phot?toxicity is on ly 
partially understood. Histamine (6-9], plasmm [ 10], prosta-
glandins [11 ,12], and lysosomal enzymes [_13,14] have all been 
implicated to mediate t he development of phototox1c leswns. 
Gen eration of tox ic oxyge n species a nd subsequent membrane 
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damage induced by phototoxic agents and irradiation have a lso 
been reported [1 5]. Another mechanism t hat appears to be 
involved in t he production of phototoxic t issue damage is the 
photoactivation of t he complemen t system. Such activation has 
been shown in sera from patients wit h erythropoietic protopor-
phyria a nd porphyria cutanea tarda (16,17]. This was associated 
with t he appearance of cleavage products of C3, and t he gen-
eration of C5-derived chemotactic factor for human polymor-
phonuclear cells [18]. Irradiation of t he forearms of t hese 
patients also resulted in complement activation in vivo (19] . 
Since complement activat ion products, C3a a nd C5a, are ca-
pable of inducing mast cell degranulation both in vitro a nd in 
vivo (20-23], a nd si nce mast cell degranulation was observed 
histologically in acute phototoxicity flare in pat ients with 
erythropoietic protoporphyria [3] a nd in drug-induced proto-
porphyria in mice [ 4,5), it is likely t hat both the complemen t 
system a nd mast cells participate in t he development of pho-
totoxic lesions. In t his study, we evaluated t he development of 
hematoporphyrin (HPJ-induced phototoxicity both clinically 
a nd histologically, using guinea pigs as an animal modeL T he 
part icipation of mast cells a nd t he complement system in the 
immediate phase of phototoxicity was exam ined, and the mod-
ulating effect of a nt i histaminic agents was assessed. 
MATERIALS AND METHODS 
In duction of Pholotoxic Lesions 
Hematoporphyrin IX (Porphyrin Products, Logan, Utah) was dis-
solved in normal sa line conta ining 0.02 M NaOH, and the pH of the 
solu tion was adjusted t.o 7.4 . T he evening before each experiment, t he 
hair on t he bac ks of female Hartley strain albino guinea pigs, weighing 
350- 400 g (Charles River Breeding Labs, Wi lmington, Massachusetts), 
was shaved with an electr ic clipper, and depilated with Nair (Carte r 
Products, New York, New York ). On the day of the experiment, they 
were placed and restrained on animal tables (Eberback, Ann Arbor, 
Michiga n), and injected i. v. with 10 mg/kg of HP solut ion. Forty- five 
minutes later, a 1.5 x 3 em area of the back was irradiated, while t.he 
res t of the back was protected by a 5- layer alumin um fo il cove r. The 
light source used for irradiation ~as a 1000-W solar simulator (Oriel, 
Stamford, Connecticut) , equipped wi th a UVB and UVC blocking fi lt er. 
The guinea pi gs were placed 90 em away from the light source. T he 
outpu t of t his solar simulator, measu red by IL500 Research Radiometer 
{Inte rnational Light, Newburyport, Massac husetts) at a dista nce of 90 
em was as fo llows: 275-303 mn, 8 x w-• W /cm2 (SEE 240 detector, 
UVB 87 filter, International Light); 308-317 nm, 1.25 x 10-6 W /em' 
(SEE 400 detector, NS 313 fil ter) ; 325-375 nm , 2.8 X w-' w /cm2 (SEE 
015 detector, UV A 567 filter); 359-365 nm, 8.5 X 10- ' W / em" (SEE 
400 detector, NS 365 filter); and 396- 407 nm, 4 x 10-' W /cm2 (SEE 
400 detector, NS 405 filter). Since the action spectrum of HP-induced 
phototoxicity was reported to be in the wavelength range of 4-00- 405 
nm [1], HP-treated an imals rece ived either 0.12 J /cm' or 0.4 J jcm2 of 
irradiation as measured at 396- 407 nm. Animals t hat were injected 
with buffer and exposed to irradiation , or that received no treatment, 
served as controls. 
Clinical Observations in. the Development of Phatotoxic Lesions 
The development of HP-induced phototoxic lesions was evaluaLed 
clinically by 2 independent. observers at the fo llowing t imes after the 
completion of the irradiation: 0, 10, and 30 min, 1, 3, 6, 12, 24, 48, and 
72 h. Two di fferent doses of irradiation, 0.12 J jcm2 and 0.4 J /cm2 (396-
407 nm) , were used. T he intensity of erythema and the development of 
edema were assessed separately, using a scale of 0 to 4+. Erythema was 
evaluated as follows: 0 =no change of t he skin color; 1+ = minimally 
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percept ible erythema; 2+ = pink erythema; 3+ = red erythema; a nd 
4+ = in te nse erythema a nd eros ion. The degree of edema was evaluated 
as follows: 0 = no percept ible edema; 1+ = minimal edema; 2+ =slight 
edema; :3+ = de fi ni te edema; and 4+ = intense edema and eros ion. 
Histologic Evaluation of Phntotoxic Le.~irms Using I 11m-Thick Sections 
F'or histologic evaluation, 4 groups of guinea pigs were used: (1) l-IP-
t reated and irradiated with 0.1 2 ,Jjcm2; (2) l-IP- t reated and irradiated 
with 0.4 .J/cm"; (3) l-IP-treated a nd kept in the da rk; and (4) irradiation 
with 0.4 J /cm' alone. Five- mi llimeter punch biopsies were obtained 
from irradiated and nonirradia ted sites befo re t reatment, immediate ly 
afte r irradiation, and :l h late r. Specimens were fi xed in 10% neutra l 
fo rmalin ove rnight at room temperature and processed for l 11m-thick 
sections using glyco l methac rylate as embedding material[ 24j. Sections 
were sta ined with Giemsa 's reagent a t pH 5.0. As described previous ly, 
using t his sta in , va rious ce lls in t he dermis of guinea pigs have dis tinc-
t ive sta ining cha racteristics a nd morphology [25 j. Mast ce lls have a 
la rge round or oval unilobed nucleus with humerous fin e purple intra-
cytoplasmic granules; degranulated mast ce lls have fewer granules in 
t he cytoplasm and have free granules a round t heir ce ll contour. Neu-
t rophils have mul t ilobulated nuclei and sca tte red red granules. Eosin -
ophils have bilobed nuclei and a cytoplasm filled wi t h coarse bright red 
gra nules. Us in g lOOO X magnification wi th oil immers ion , differentia l 
ce ll coun ts were perfor med a long 5 ve rtical swaths through the ent ire 
depth of the dermis, sta rt ing at t he de rma l-epidermal junction. The 
width of each swath was 200 11m . Using modification of a previously 
desc ribed method, t he dens ity of infiltrated ce lls were eva luated semi -
quant itative ly by 0 to 4+ score based on the normal density of each 
cell type j26 j: fo r mononuclear ce ll s: 0 = 0- 50 ce lls/mm2; l + = 50- 200 
cel ls/mm"; 2+ = 200-500 ce lls/mm2; 3+ = 500- 1000 cells/mm 2; 4+ = 
> 1000 cells/ mm"; for neutropbils: 0 = 0- 5 ce lls/mm"; 1+ = 5- 20 cells/ 
mm 2; 2+ = 20- 50 ce lls/mm2 ; 3+ = 50- 100 ce lls/mm2; 4+ = > 100 ce lls/ 
mm". Scoring fo r eosinophils is ident ical to that of neut rophils. The 
degree of mast ce ll degranulation was scored based on the percentage 
of degranul ated cell~ : -, <33.3%; + , >33.3%. 
Evaluation in A ltera.t ion of the Vascular Permeability 
T he cha nges in vascula r pe rmeability, as quantita ted by t he extra-
vasation of i.v. injected radiolabeled protein , were used as an indicator 
of t he development of the immediate phase of phototox ic lesions j9,27-
30 j. Thirty minutes before t he irradiation, animals were injec ted intra-
venously with J'"'' l]bovine serum albumin (BSA) (New England Nu-
clea r, Boston, Massachusetts) in 0.5 ml of 2.5 % Evans blue in phos-
phate-bu f'fered sa line (PB S), pH 7.4. Eac h animal received 10 11Ci of 
[ ' 2' 11 BSA per kg of body weight. In pilot studies, the degree of hypere-
mia was also measured by t he accumulation of "'Cr-labeled human 
erythrocytes, injected i. v. 30 min prior to irradia tion [9 j. Each animal 
received 135 11 Ci of [51 Cr[ erythrocytes per kg of body weight . Twenty 
minutes a fte r the completion of irradiation, the animals were sacrifi ced 
and t he skin was removed. Dupl icate 13 mm -diameter skin specimens 
were obta ined, unless otherwise sta ted, a nd the radi oactivity in these 
specimens was measured by a gamma counte r (Traco r Analytic Model 
1197 , Mounta in View, California ). Histamine and compound 48/80 
were used to evaluate the individual va ri ations in vascula r respons ive-
ness of these animals. Histamine dihydrochloride (Sigma, St. Louis, 
Missouri ) and compound 48/80 (Sigma) were d issolved in PBS at t he 
concent ration or HlO nmol/ ml and 100 11g/ml , respec tively. Each animal 
was injected intradermally wi t h O.l ml of' t hese vasoactive media tors 
or PBS, and sac rifi ced 15 min later. Alterations in vascula r permeabil -
ity were measured by the same procedure as mentioned above. 
Mudulaticm of Vasculnr Permeability in Phototoxicity by Degranulation 
of Cu.taneuus Mast Cells 
In order to evalua te t he pa rticipa tion of the mediators released from 
mast ce lls in the immediate phase of phototoxicity, guinea pig skin 
mast ce ll s were degranulated in s itu by pretreatment wi th intradermal 
injections of0 .2 ml of compound 48/80 (100 1,gfml in PBS ). Four hours 
late r, phototox icity was induced by i.v. injection or HP and exposure 
to 0.4 J /cm" of irradiation. Vascula r pe rmeability changes at sites 
pret reated wi th compound 48/80 were co mpa red to those induced in 
t he PBS-pretreated sites, or t hose sites that did not receive any 
in t radermal injec tions. Mast ce ll degranulation was con!irmed by a 
seco nd injection or 0.1 ml of compound 48/80 (100 11g/ml in PBS) to 
the pretreated sites 4 h a fte r the first injection. The possibility of 
vascula r unresponsiveness caused by t he first injection of compound 
48/80 was evaluated hy t he in t radermal injection of 0.1 ml or histamine 
(J OO nmol/ ml in PBS ) to pretreated s ites 4 h later. The vascula r 
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permeability changes induced by the second injection of compound 48/ 
80, or hista mine, were assessed in the same manner as t hose induced 
hy HP a nd irradiation. 
Mudu.lat ion of Vascular Permeability Chanf.les in Phototoxicity by 
Sy8 tem ic Adm inist ration of Antihistamines 
Diphenhydramine hydrochloride (Sigma ), a histamine H1 recepto r 
antagonist, was di ssolved in PBS. Cimetidine (Sigma), a histamine H 2 
receptor antago nist, was dissolved in 0.1 N HCI, then adjusted to pH 
7.4 wi th 0.1 N NaOH , a nd di lu ted to the des ired co nce ntra tions in 
PBS. Either Hl or H2 antagonis t a lone, or a combinat ion of both, was 
injected i.p. at doses or 20 mg/kg of diphenhydramine, a nd 10 mg/kg 
of cimetidine. T hirty minu tes la te r, t he animals were exposed to 0.12 
J /c m" of irradiation. Cont rol animals received PBS a lone instead of 
ant ihistamines. Induction of phototox icity and measurement o f vas-
cula r permeabili ty changes were perfo rmed as desc ribed above. 
Modulation of Voscular Permeability Changes in. Phototoxicity by 
Treatment with Cobra Venom Factor 
Guinea pigs were decomplemented by i. v. injections o f cobra venom 
facto r (CVF ) (Cordis Laboratories, Miami, !"lorida ) 200 U/kg, a nd 100 
U/kg, 16 and 2 h before the irradiation, respectively. Tbis dose of CVF 
resulted in a dec rease in the hemolytic t ite rs of C3 and C5 or 90- 95%, 
and 55- 60%, respec tively [27 j. Control animals received PBS instead 
of CVF. Induction of photo tox ic les ions, us ing e it her 0.1 2 ,Jfc m" or 0.4 
.J fc m2 o f irradiation, and measurement of vascula r permeability 
changes, were pe rformed as described above. 
Stat istical A nalysis 
Student's two-ta iled t-test was employed. 
RESULTS 
Clinical Observations in the Development of Phototoxic Lesions 
Int ravenous injection of HP, followed by irradiation, resulted 
in the development of erythema and edema, which was confined 
to the irradia ted sites. The time course of this clinical response 
cons isted of immediate and delayed phases. Immedia te tran-
sient erythema began a few minutes after t he initiation of t he 
irradiation, reaching a peak a t its completion, and subsided 
partia lly in 30- 60 min (Fig 1) . This was followed by the ap-
pearance of delayed prolonged erythema, which reached its 
maximum at 6- 12 h and gradua lly subsided by 72 h. Edema 
was noted immediately after the irradiation , increased gradu-
ally , peaked at 12 h, and waned by 24- 48 h. While the erythemal 
response was essentially similar for both doses of irradiation 
used (0.12 J/cm1 and 0.4 J / cm2 ) , at the lower dose, no percep-
tible edema was noted during the immediate phase. 
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F tG l. Clinical observation of hematoporphyrin -induced phototox-
icit y. Phototoxicity was induced by i.v. inject ion of HP (10 mg/kg), and 
followed by irradia t ion (0.4 J /cm2 ) . Edema and erythema were evalu-
ated a t t he va rious time points a fter the completion of the irradiation , 
using a scale of 0 to 4+ (see Materials and Methods ). Each data po in t 
indicates the mean score of 3 guinea pigs± SEM. 
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Histologic Evaluation of Phototoxic Lesions Using 1 JLm -Thick 
Sections 
One micron-thick t issue sections obtained from normal un -
treated gu inea pigs showed fewe r than 50 mononuclear cells, 5 
n e u t rophils , and 5 eos inophils per square millimeter; less t han 
o n e-third of mast cells were degra nulated. These baseline find -
ings were scored as "0" or "- " (T able 1) . In HP-treated guinea 
pigs, specimen_s obtained immediately after and 3 h after the 
completion of Irradiatwn wit h 0.12 J /c m2 showed no alteratiOn 
in t he ep idermis, mild dermal edema, dilatation of dermal 
capilla ries, which were engorged wit h erythrocytes, vacuolar 
c h a nges of some of t he endothelial cells, and lymphatic dilata-
tion . In addi t ion , t here was an increase in t he density of 
eosinophils (1 + ), which were observed in and around blood 
vessels; degranulation of mast cells ("+") was a lso noted. In 
s p ec imens obtained from H P-treated guinea pigs t hat received 
hig h er dose of irradiation (0.4 J /cm2), t he dermal edema, vas-
cula r dilatation, and eosinophilic infilt ration (1 + /2+ ) were 
more pronounced at both 0 h and 3 h. Furthermore, in t hese 
sp ecimens, there was mild focal spongiosis of t he epidermis, 
a nd neut rophilic infil t rate (1 + ) observed in the dermis only at 
3 h . Cont rol specimens taken from nonirradiated sites of ani-
m a ls t reated wit h HP and exposed to irradiation, or t hose 
obtained from animals t reated wi t h HP alone, or irradiat ion 
(0.4 J jcm") alone, showed only minimal histologic changes. 
Alteration in Vascular Permeability Associated with HP-
J nduced Phototoxicity 
As shown in T able II , i. v. injection of 10 mg/kg of HP, 
fo llowed by irradiation of either 0.12 J /cm2 or 0.4 J /cm", 
resul ted in a statistically significant increase in vascular perme-
a bility at t he irradiated sites, as compa red to t he nonirradiated 
a r ea of the same animal, or con trol a nimals. The mcreases in 
vascular permeability at irradi ated sites were greater t han 7-
fo ld in both irradiated groups. In contrast, after exposure to 0.4 
Jjcm2 of ir radiation, t here was only 1.6- fold increase in t he 
activity of '"Cr at irradiated sites, as compared to t he nonirra-
diated sites (data not shown). Therefore, t hese results indicate 
t h at t he increase in [125I]BSA observed at irradiated sites was 
predominantly due to alteration in vascular permeabil ity, which 
occurred only in t he p resence of both HP and irradiation. 
Modula tion of Vascu.lar Permeability in the Immediate Phase 
of Phototoxicity by Degranulation of Cutaneous Mast Cells 
In situ degranulation of cutaneous mast cells was accom-
plished by t he int radermal injection of compound 48/80, as 
described in Materials and Methods. At t hese compound 48/ 
SO-pretreated sites, vascular permeabili ty changes induced by 
HP and irradiation were significantly suppressed, as compared 
with t hose observed at PBS-pretreated sites (70.8%, p ..,-:: 0.05), 
or at sites t hat did not rece ive any injection (82.6%, p < 0.01) 
(Fig 2). Such a pretreatment wit h compound 48/80 resul ted in 
marked suppression (71.2%, p < 0.05) of vascular permeabili ty 
induced by a second injection of t his agent (Fig 2), indicating 
t hat significant mast cell degranulation had indeed been 
achieved. Furt hermore, while t here was some decrease in vas-
cul ar permeabili ty induced by subsequent injection of hi stamine 
at compound 48/80- or PBS-treated sites, t he decrease was not 
statistically significant, indicating t hat t he vascular respon-
siveness at t hose s ites was relatively preserved. These resul ts 
suggest t hat functionally in tact mast cells are required fo r the 
development of the ini t ia l phase of H P-induced phototox icity. 
Modulation of Vascular Permeability Changes by Systemic 
Administration of A ntihistamine 
P retreatment of guinea pigs wit h a single i.p. injection of 
eit her diphenhydramine (20 mg/kg) or a combination of di-
phenhydramine (20 mg/kg) and cimetidine (10 mg/kg), signif-
icantly suppressed t he increase in vascul ar permeability in-
duced by HP and irradiation (0.12 J/cm~ ) (p < 0.05), while 
cimetidine (10 mg/kg) alone was wi t hout any effect (Fig 3). As 
con t rols, t he vascular permeabili ty cha nges induced by the 
int radermal injection of histamine and compound 48/80 were 
evaluated in each of the guinea pigs used in t he above experi-
ment. Vascular pe rmeability changes induced by histamine 
were significant ly suppressed by t reatment wit h diphenhydra-
mine, either alone or in combination with cimetidine (p < 
0.05); while those induced by compound 48/80 were suppressed 
TA BL E I. Celltllar infiltration in cutaneous lesions of hematoporphyrin -induced phototoxicity" 
T reatment 
Time after Mo nonuclea r Neutrophi ls Eosinophil" Mast cell irradiation degran ulation 
Befo re t reatmen t 0 0 0 
H P + 0. 12 J /c rn2 O h 0 0 1+ + 
3 b 0/ l+ 0 0/ l+ + 
l-I P+ 0.4 J/c m2 Oh 0/1+ 0 1+/2+ + 
3 h 0/ l + 1+ 1+/2+ + 
H P 0 h 0 0 0 - I+ 
3 h 0 0 0/ 1+ 
0.4 J/cm2 0 b 0 0 0 
3 h 0 0 0 
a Specimens were obtained before t reatment, immedia te ly a fte r irrad iation (0 h), a nd 3 h afte r irrad iation , a nd processed for l~<m-tb ick section 
with G iemsa stai n. Data represent t he resul ts of semiqua nti ta live dt ffe rent.m l ce ll count using an 0 to 4+ scoring (see Materials and Methods) . 
Eac h group consists of 2 gui nea pigs. 
Group 
]] 
Jll 
IV 
Injection 
H P 
HP 
PBS 
TA BL E II . Increase in vascular permeability in H P-induced phototoxicily" 
Irrad iation 
0.12 J /cm2 
0.4 J /cm2 
0.4 J / cm 2 
1'"1] BSA rad ioactivi ty (cpm)' 
10,8:39 ± 1,661 
1,183 ± 11 
14,906 ± 2,287 
1,97 1 ±263 
1,915 ± 136 
1,549 ± 208 
1,277 ± 196 
p < 0.05 ' 
p < 0.05 ' 
NS' 
p < 0.02d 
p < 0.05d 
NSd 
----;;-phototox icity was induced by i. v. injection of l-I P (1 0 mg/kg), a nd fo llowed by irrad iation. 1" ' 2' T]BSA (JO ~<C i/ kg) was injected 30 min befo re 
irradiation a nd vascula r permeability was measured by t he radioact iv ity in 13 mm-diamete r s kin specimens, obtained 20 min after t he irrad iat ion. 
b Mean of 2 o r 3 gu inea pigs± SEM . 
c Sample vs untreated a ninu1l (G roup IV). 
d Sam ple vs u nirradiated sites of the same group . 
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1st Rx 2nd Rx 
COMP. 48 / 80 
HP 
PBS + 
IRRADIATION 
COMP. 48 / 80 
PBS COMP. 
COMP 48 / 80 
• P vs PBS-Rx< O.OS 
PBS HISTAMINE • • P vs NON-Rx < OO I 
0 4 8 12 16 20 24 
1251·BSA RAD IOACTIVITY ( x 102 cpm) 
FIG 2. Modu lation of vascular permeability in phototoxicity by de -
granulation of cutaneous mast cells. Skin sites were injected intra_der-
ma lly wit h compound 48/80 or PBS. Four hours late r, pho~otox iC ity_ 
was induced at these pretreated sites by the mt raderma l .m]ectwn of 
H p a nd exposure to 0.4 J /cm2 of irradiation. Compou nd 48/80 and 
histamine were injected intradermally to the pret reated Sites to serve 
as co ntrols. Vascular permeabili ty changes induced by phototoxicity 
we re suppressed by pretreatment with compound 48/80 (p < 0.05). 
Ban; indicate t he mean ± SEM of 7 gu inea pigs. 
PBS 
DIPHENHYDRAMINE ~,.,.,,.,...,,.,.,.,.__,..,.,,.,..,., 
(20 mg / kg) 
CIMETIDINE 
(10 mg / kg) 
DIPHENHYDRAMINE f-,--,.,.,..,.,.,.,..,.,..,..,..,.,.,..,..,.,.,.,., * P<o.os 
CIME"TIDINE E§~:2~~=~-_l. ___ L_~= 
0 4 6 8 10 
1251-BSA RADIOACTIVITY ( x 103 cpm) 
FI G 3. Modulation of vascular permeability changes in phototoxic-
ity by systemic administration of a nt ihista mines. Diphenhydramine 
(20 mg/kg), cimetidine (10 mg/kg), or a combination of both were 
injected i.p. 30 min before t he induction of phototox icity. Control 
a nimals rece ived PBS a lone. Note that t he vascular permeability 
changes induced by phototoxicity were suppressed by the systemic 
treatment of diphenhydra mine alone, or a combination of diphenhy-
dram ine and cimetidine (p < 0.05). Bars indicate t he mean± SEM of 
4 guinea pigs. 
by t reatment with a combination of diphenhydramine and 
cimetidine ( p < 0.05) (data not shown). As compound 48/80 
induces the release of histamine as well as other mediators 
from mast cells, the lack of significant suppression by treatment 
with diphenhydramine alone may be due to the vascular effects 
of these other mediators. 
Modu.lation of Vascu.lar Permeability Changes in Phototoxicity 
by Treatment with CVF 
In guinea pigs that had been depleted of functional comple-
ment activi ty by the i.v. injection of CVF, the increase in 
vascular permeability induced by HP and 0.12 J/cm2 , or 0.4 Jj 
cm2 of irradiat ion, was suppressed by 93.2 % (p < 0.05) and by 
66.4% (p < 0.05), respectively (Table III) . The vascular perme-
ability response to subsequent injection of vasoactive agents 
(histamine a nd 48/80) in these decomplemented animals did 
not differ from that observed in guinea pigs with a normal 
complement system, indicating that decomplementation did 
not affect the vascular responsiveness in these animals. 
DISCUSSION 
Using guinea pigs as animal model, we demonstrated that 
the HP-induced phototoxic response consists of an immediate 
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TABLE III. Effect of decomplementation on H P-indu.ced phototoxicity" 
I' '"' IJ BSA rad ioact iv ity (cpm) • 
T reatment Deco mple-Control group 
men ted group p 
HP + ir rad iation (0.12 J / 9,656 ± 1,658 656 ± 60 <0.05 
em' ) 
HP + irradiation (0.4 J / 11,329 ± 2, 180 3,807 ± 1,492 < 0.05 
em' ) 
Histamine (10 nmol) 3,728 ± 844 4,345 ± 1,405 NS 
Compound 48/80 (10 Jl.g) 4,304 ± 785 3,542 ± 1,749 NS 
• Guinea pigs were decomplemented by i.v. injections of 200 U/kg 
a nd 100 U/kg of cobra venom factor, 16 h and 2 h before the irradia tion, 
respectively. 
b Vascula r permeability cha nges were measured by the radioactiv ity 
in duplicate 13 mm-diameter skin spec imens, obta ined 20 min afte r 
the irradiation. Data represent mean of 3 guinea pigs ± SEM. 
and a delayed phase. There was immediate transient erythema, 
which peaked at the completion of irradiation, and partially 
subsided in 30- 60 min. This was followed by a delayed pro-
longed erythema, which peaked at 6- 12 h, and resolved in 72 
h. The edema appeared during the irradiation, increasing grad-
ually to reach its maximum at 12 h, and subsided by 24- 48 h 
(Fig 1) . The immediate and delayed response seen in our animal 
model was similar to that reported in experimental irradiation 
of patients with erythropoietic protoporphyria and porphyria 
cutanea tarda [ 1], as well as the clinica l response observed in 
coal tar phototoxicity [2]. Other inflammatory conditions, such 
as erythema induced by UV [31,32], UVA [33,34], UVB [35], 
and thermal injury [36], also have s imilar biphasic responses. 
In this study, histologic examination of 1 11m-thick sections 
revealed degranulation of mast cells, which was observed even 
in the specimens obtained immediately after the completion of 
irradiation (Tabie 1) , indicating that mast cells may participate 
in the development of cutaneous phototoxic lesions. Irradiation 
alone (0.4 J /cm2 ) did not result in any alteration of mast cells. 
These results are consistent with a previously reported obser-
vation of mast cell degranulation following irradiation in pa-
tients with erythropoietic protoporphyria [3], and in drug-
induced protoporphyric mice [4,5]. However, while the earliest 
biopsy in our study was performed immediately after the com-
pletion of irradiation, in those previous studies the first biopsy 
was performed 2.5 h, 20 min, and 1 h after the irradiation, 
respectively. 
An unexpected histologic finding was the predominant eosin-
ophilic infiltrate observed in specimens obtained at the com-
pletion of irradiation, as well as those obtained 3 h later. 
Sources of chemotactic factors for eosinophils include comple-
ment fragments [37] and mast cell-derived mediators (38]. 
Degranulation of mast cells observed in our phototoxicity 
model, and our previous demonstration of photoactivation of 
the complement system in the presence of porphyrins [16-
18,39), might have generated such chemotactic factors and 
contributed to the accumulation of eosinophils. Therefore, it is 
likely t hat eosinophils participate secondarily in the develop-
ment and the modulation of the immediate phase of HP-
induced phototoxicity. Whether this participation of eosino-
phils is unique for the guinea pig model, or can also be observed 
in humans, remains to be determined. 
The increase in vascular permeability associated with the 
immediate phase of the clinical response was used to quant ify 
t he degree of phototoxicity in the guinea pigs. Using the extra-
vasation of (125l)BSA as a mean to measure the alteration in 
vascular permeability, the role of mast cells in this reaction 
was further demonstrated by experiments in which in situ 
degranulation of these cells was accomplished by pretreatment 
of the skin with intradermal injection of compound 48/80. Such 
a treatment significantly suppressed the vascular permeability 
changes induced by HP and irradiation (Fig 2) . Subsequent 
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injection of hi stam ine into compound 48/80-pretreated sites 
induced a brisk vascular permeability response, indicating that 
the vascular responsiveness at these sites was relatively pre-
served. These results are consistent with previous studies of 
phototoxicity caused by other agents. Using guinea pigs, it has 
been reported that in sulfa drug-induced phototoxicity, both 
erythema and induration were markedly suppressed by pre-
treatment with a mast cell degranulator [6). Pretreatment with 
compound 48/80 inhibited coal tar phototoxicity in 2 of 7 
individuals [2). However, in a study on the induction of pho-
totoxic ity in 3 patients with erythropoietic protoporphyria, the 
intradermal injection of compound 48/80 was without any 
effect· in a similar study with one patient with porphyria 
cutan~a tarda, only the wheal -and-flare response was inhibited 
[ 1]. Whether the limited effectiveness of the pretreatment with 
compound 48/80 in these patients was due to inadequate deple-
tion of the mast ce ll granules, or due to the high dose of 
irradiation used, was not addressed in that study. 
Having demonstrated that functionally intact mast cells were 
indeed required for the development of the immediate phase of 
t he phototoxic response, th~ modulation o~· this _reaction by 
antagonists of mast cell medtators was studted. Dtphenhydra-
mine and cimetidine, antagonists of histamine Hl and H2 
receptors, respectivel;y, were _use~ in t~is s~udy: J?iphenhydra-
mine either alone or m combmatwn wtth ctmettdme, markedly 
supp;essed th_e increa~e in va~cular permeability ~nduced by 
HP and irradtatwn (Ftg 3). Usmg a mouse model, tt has been 
previously demonstrated that the immediate alteration in vas-
cular response induced by topical application of anthracene 
and subsequent UV A irradiation was suppressed by a combi-
nation of Hl and H2 receptor antagonists [9]. In a study in 
humans, H1 receptor atnagonists prevented the wheal-and-
flare response to 400-nm and 500-nm irradiation in all 5 pa-
tients with porphyria cutanea tarda [1]. In coal tar-induced 
phototoxicity, a Hl receptor antagonist co~pletely suppressed 
the immediate wheal-and-flare response 111 2 of 10 human 
subjects, and incompletely in 2 others [2] . These resu~ts further 
support the concept that histamine _is one. of the tmportan t 
mediators in t he development of the tmmedtate phase of pho-
totoxic lesions. However, it is clear that for the full development 
of cutaneous lesions, the participation of other mediators is 
a lso important. 
Little is known regarding the triggering mechanisms of mast 
cell degranulation in phototoxicity. In vitro, under serum-free 
conditions, exposure of mast cells to protoporphyrin and irra-
diation resulted in inhibition of compound 48/80-induced re -
lease of histamine, and at high irradiation intensity, lysis of 
these cells [ 40,41]. Our previous demonstration of activation of 
t h e complement system in phototoxicity [16-18,27,38] suggests 
t hat in vivo, biologically active complement cleavage products 
may be involved in this process. The importance of the com-
plement system in the immediate phase of HP-induced photo-
toxicity was demonstrated in this study; no significant increase 
in vascular permeabiiity in response to HP and irradiation was 
noted in guinea pigs that had been depleted of C3 and C5, 
although mast cells were functionally intact in these animals 
(Table III). This observation extends the results of our previous 
work on the essential role of complement in demethylchlorte-
tracycline-induced phototoxicity [27]. 
The participation of mast cells and the complement system 
in the immediate phase of HP-induced phototoxicity suggests 
that chemotactic factors released by mast cells, or generated by 
complement activation, may contribute toward the develop-
ment of neutrophilic infiltrate observed in the delayed phase 
of phototoxicity. Activated neutrophils may release lysosomal 
enzymes, and generate toxic oxygen metabolites [ 42], thus 
augmenting the inflammatory process in the delayed phase of 
the reaction. This possibility was supported by the results of 
our previous study on phototoxicity induced by demethylchlor-
tetracycline, which demonstrated that leukopenic guinea pigs 
had less erythema and induration at 24 h [27]. 
Taken together, the phototoxic response induced by HP and 
irradiation consists of an initial humoral phase that involves 
photoactivation of the complement system, which in turn trig-
gers the degranulation of mast cells. The full development of 
phototoxic lesions may then be the result of the effect of 
complement and mast cell-derived mediators, acting synergis-
tically with other biologic events t riggered by a phototoxic 
agent and irradiation; the latter may include the generation of 
toxic oxygen species [15], arachidonic acid metaboli tes 
[11,12], and release of lysosomal enzymes [13,14). While the 
relat ive contribution of each factor during the different phases 
of phototoxic response may vary, the absence or impairment of 
any of these factors will significantly alter the clinical manifes-
tations of the phototoxicity. 
W; wish to thank Lorraine Young, M.D. , for performing the studies 
with ·' 'Cr-e rythrocytes. 
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